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WO 2006/136787 PCT/GB2006/002162 1 DEVELOPMENT OF
DISPOSABLE/SEALABLE CAPS FOR SPECTROSCOPIC PROBES
The present invention relates to the development of disposable/scalable
Y3 1SpECtroscopic probes for the measuring the electromagmetig2006/002162
spectrum, particularly the near infrargd spectrum, of liquid samples. NIR
spectroscopy is a well-known spectroscopic technique that looks
specifically 5 at the absorptions of infra-red radiation with frequencies of
can b used to measure the intensity
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carbon-hydrogen, oxygen-hydroggeggmglhitrogen- hydrogen bonds. The
carbon-hydrogen (C-H) absorption bands are typically useful for mixtures
of organic compounds. Different types of C-H bonds, e.g.; aromatic,

aliphatécpreeanthodefinicridwchoatiars e Ripsosht lighti glodifereetiable caps for

racteristic. frequencies. The magnitude of the absorption band. in the
P e e e P I S s
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and 1] | id fi | .INtrinsic, properties. o
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The analysis of crude oil samples, for example, can be perform
sarpple ey Ao dreli8etric models correlating spectral data from "standard”

(i.e. TheNIR ebigiRE) Htu@enoTB0 nanometers (nm) and 2500 nm (12800 to 4000 cm™)

is an area of great interest and contains a large amount of molecular information in the

form of combinations and overtones from polyatomic vibrations. Mathematical techniques
are essential to utilize this information and to calculate the desired properties. U.S. Patent
Nos. 5,490,085; 5,452,232; and 5,475,612, for example, describe the use of NIR for
determining octane number, yields and/or properties of a product of a chemical process or
separation process from analysis on the feeds to that process, and yields and/or properties
of a product of a blending operation again from analysis on the feed thereto.

NIR spectroscopy can be applied to crude oils and other hydrocarbon refinery
streams. WO 00/039561 and WO 03/048759, for example, both describe application of
NIR to crude oil analysis.

The analysis of crude oil samples, for example, can be performed by generating
chemometric models correlating spectral data from “standard” (i.e. characterised) crude oil
samples with the known properties of the samples, and subsequently applying said models

to the spectra of “unknown” samples to characterise the properties thereof,
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samples with the known properties of the samples, and subsequently
applying said models to the spectra of "unknown" samples to characterise
the properties thereof WO 2006/136787 PCT/GB2006/002162 2
WheMemettics” is the application of mathematical and statistRET/GB2006/002162
techniques to the analysis of complex data, and hence "chemometric

model" means a model generated from application of such techniques in
correlating the spectral data from a sample with properties of the sample

and cell pathlength. The chemometric model determines the 5 relationship
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mtroduced The cells t plcally have a relative %short pathlength so that a
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spectral data from "standard"” (i.e. characterised) crude oil samples is
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data, the variations in cell path‘*;k %th c ve significant detrimeptal

Degyeuriablicglls maRe Sisasivat! ﬁ&ﬁ?fﬁ% ShPSR{gRe-use-
typeshefpppiietrofee iwitt %ﬁﬁ)ﬁhﬂbmm hatiisesd, Wgithin doging the disassembly

wf TR N o e T 980
shddpEiieh¢Difvea small changes in the pathlength can have significant effects on the
spectra obtained. For example where spectral data from “standard” (i.e. characterised)
crude oil samples is being measured for generation of a suitable chemometric model
co.rrelating various properties of the crude oil samples with the spectral data , the variations
in cell pathlength can have significant detrimental effects on the model obtained.

By convention there are three main types of spectroscopic probes that can be
utilised within the aforementioned NIR transmission cells; the transflection (transmission
reflection) probe, ATR (attenuated total reflectance probe) and the DRIFTS (Diffuse
reflectance infrared Fourier transform spectroscopy) probe. The transflection probe
comprises an NIR probe containing two optical fibres, normally silica, such that light is
passed down one fibre which is then projected through a lens/window at the lower end of

the probe and reflected - via a mirror - back through the window into the return fibre. A
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reflectance infrared Fourier transform spectroscopy) probe. The
transfiection probe comprises an NIR probe containing two optical fibres,
normally silica, such that light is 30 passed down one fibre which is then
Pr8jatetAtough a lens/window at the lower end of the probBCAHeB2006/002162
reflected . via a mirror - back through the window into the return fibre. A
WO 20061136737 PCP/GB2006/002162 3 gap between the window and
the minor - the sample support - allows the sample of interest to enter into
the light beam and thus an absorption spectrum is obtained. The DRIFTS
gap BrRwecrs BiiTA s e tieeir s it tRRI PR i TS BB e ilect
intetB& tigkitbaekoitie laaineduin filarena e abssyafvis speceratisisiaaitedcollect

spectra solid samples. Upfortunately, whilst assembling the
o O SRR AL S RO LD S a T RE B
refleptitalightbadkdetoaiat estwiy fificcautdinasour aciesinliyeistatto obtedhsgetra

The applicants believe that the present invention discloses an apparatus
ﬁo%ﬁlﬁrsﬁg@e& allows the liquid sample to be sealed within the cell and
advinfareetelly mbilstaissetbling|thedteestaintiet salk 85 BA i ELaERTIENA
sanPRS ALY RUAVS NG BRESHRSERRIE, Measuspmsighaiciheiliasitrsammiasddata
)e done with a higher degree of accuracy by removing air from the optical
Obtﬁaﬁd-and/or by preventing air from entering into the optical path. Thus, the
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a liquid sample comprisjng a spectrosgopic probe, which spectroscopic
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eleveliactingenitmes méprepersyppbstclodiyet betvieesptheastopowneasdrtingent of
mirror comprisi n entrance.passage and an exit passage; and whic
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the 28 moyARe, AR anfb e each A'HAG BRAGHOSE ANGRIARRUS 688 of

than 0.4mm; characterised in that the internal wall of the removable cap
2 liguithprisels evIBIBISING feSpreBoES PR prabsdvdich sBestapprICRIbe has a head
comPRSHPSCRRIE HHOBBHISINGEHCA WA NS LRPl iR S ITREL R SfpRXHupport
passages of the sample support coincide with the one or more grooves .,
locgiqd DretAER thepHRARY AOSERS THHR T OMPINS A D ARE R S R B
pasdagey gRthaish Bealebse pEIDELs 2 Sofigetedin getncv dhiefeapetl mbonlimeitafat

leag:]t g %ﬁ rg It g%% Oensm:% ﬁpa%%reo \$2Rce between the internal wall of the

removable cap and the head of the spectroscopic probe is less than 0.4mm; characterised in
that the internal wall of the removable cap comprises one or more grooves disposed such
that, when the spectroscopic probe is inserted into the cap, the entrance and exit passages
of the sample support coincide with the one or more grooves and provide a path for fluid to
flow from the base of the cap, and into and through the sample support.

According to a preferred embodiment of the present invention the spectroscopic
probe comprises a head, into which two silica optical fibres lead, and which head also
comprises windows, a reflecting mirror, a sample support (located between the window
and the mirror), a passage for entering the sample support and a passage for exiting the
sample support. The said passages for entering and exiting the sample support are
preferably interconnecting and located opposite to each other on the head of the
spectroscopic probe. The spectroscopic probe can be made of any appropriate material,

preferably metal, more preferably stainless steel.
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probe comprises a head, into which two silica optical fibres lead, and
which head also comprises windows, a reflecting mirror, a sample
support (located between the window and the mirror), a passage for
IRyt Sample support and a passage for exiting the saP§l&B2006/002162
support. The said passages for enteripg and exiting the sample support at,
30 preferably interconnecting and located opposite to each other on the
head of the spectroscopic probe. The spectroscopic probe can be made
of any appropriate material, preferably metal, more preferably stainless

steel WEFPEAB PEE TR oY ndriabarot beving rneviphearsdirarteably Fbe
cagwéﬁfmy L?a@ hieiRAYAREraE: QMRS ; 1eag Qiama&gnl 6 aa%%&r %ﬁlrn)pliégﬂa&ixn +
as a circular ¢ross section with an inter iameter D' of less than (D +
O i D AL BR T Db PN G0 IREN BOTFRFE NG e
thaar éfenablydivesehindhntmmandnd dess izl y/mone; tndaRastrpsaickabiian 6.6
more than 6.2 mm and less than 6.6 5 mm. The removable cap is

nmrg'dapted to accommodate at least the head of the probe. The distance
betwEkntthe valtiercap s afltipted e ebsonpitrisraldeaatitie hedd né the alobf théhe

di3R0BARISHAR BIRSSRAD A ﬂa&a&&g%@&@%&kqmﬁdmﬁmﬁg,

the removable cap is narrower than theeﬁro e, and'is preferably up to

digposahle pairisres them G probeows srabeaimeYrh iy imyeRion tsemovable cap
is RAFAVEE thil m%@,m@‘%&mﬁ& Ripdnedia R arfoaier iahiak $d8e, more

stretch and fit over at least the head of the spectroscopic probe, The
DIgREARS R A et AT R e O D RO TR s SBR S BREe AGA Ti8tig! that
cafiuigicinaiefrederablyanahe Head (DR . estryscbbR iistinal diameter D' of

th [ ferably less,t D+0.4 bly less t :

15 TR G B e ORI SORAeTe e R g D
mapqotisdipynomndberpfefér2blnN I Rhspeetred dipyeter &feséiily thp sincorably
leSYfrou ilag;ti%% e}%%(i% %?ggﬁ?fgsg%agqfctroscopic probe may be one of

any of the followihg suitable materials, silica, sapphire or standard salt
winddhesspsahsaer@apebaig Freitvatdy, Miq\ﬁ@r@scpi@i@f@gdmwmw,
m@khR AR SANBREYP RS NPIRERi A AL SRPRRKENY iR Ashle

gold mirror'attached to the rear. The removable cap of the spectroscopic

supeHdidhe RseioserRic B eRscBpnbs Aafcrh e Q6 thr doblendngr st plomaterials,
siRIRREpSHIALI BAYHRG AIEWINEDAREhiang It VEECINACT REBr). More

preferably the window at the base of the sample support comprises a flat sapphire with a
gold mirror attached to the rear.

The removable cap of the spectroscopic probe is shaped so as to accommodate at
least the head of the the probe, suitably having a cup-shaped longitudinal section. The
internal wall of the cap comprises one or more depressions or grooves in the internal wall.
The grooves provide a means for a fluid to pass from the base of the removable cap, and
into and through the sample support via the entrance and exit passages. The fluid canbe a
liquid sample and/or a gas, such as air or a volatile component of a liquid sample.
Preferably, the grooves are designed so that, on leaving the exit passage, gases and/or any
excess liquid sample can leave the cell altogether. This is preferably achieved by ensuring
that the groove connecting with the exit passage of the sample support extends to the top of
the internal wall of the cap to allow gases or liquids to escape from the cell. This reduces
the chances of gas bubbles forming in the sample support which could negatively affect the

quality of the spectral data.
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internal wall of the cap comprises one or more depressions or grooves in
the internal wall. The grooves provide a means for a fluid to pass from the
base of the removable cap, and 25 into and through the sample support
W8 18¢8dtrArice and exit passages. The fluid can be a liquid BERiBR2006/002162
and/or a gas, such as air or a volatilescomponent of a liquid sample.
Preferably, the grooves are designed so that, on leaving the exit passage,
gases and/or any excess liquid sample can leave the cell altogether. This
is preferably achieved by ensuring that the groove connecting wjth the
exit PEERGESPIRE SRR eV drpETtSaknRA 1ot i ieatidbltmaminterftaaot to
resﬂ‘i@(tji ki ﬂmﬁnh ;@i&ﬂpﬁﬂ:};ﬁ@ﬁﬂ%@Zib?uixi&i@i_ﬂ&%ﬁ@hcf@mﬂﬂ? &akintl Nisis ri]_s )
reduces the chances qf gas bubhles forming in the sample support whic
bociiig NBYS B ARRELIhE SIS aEohE P B A0S VSRR o
volRIE¢GRROBGIO0PI6 2am plbicigro thesamdteraidyrhave a cross-sectional
are(ilnogl ?F@%%a%x%brpgnmzl %?, ?hs? Q% E%ngﬁl%gg t%eg;l OV\\éerwth{éj Diternal wall, one
particularly viscous liquids,’to toogreat an extent. This'is because a
whislo pannficiathe hese @ ishgenptalficemplfisiwpnoatemramd prgsgaes sndushtber

whith S5n¥QIAUIS %9%&@5%@%%@‘%@!@ Blpplam e BB@P!&%BP‘%’"&{‘@%’BI? the

preferred embodiment, the cap comprises two grooves on the interna

twaaifl gineveviinlesiersarie basacbofher cadhe ineradmplt dupperp- The

ondBHIRRCERRSE| ARy BRI VHiGE RO RARRER NBreRiBRS S8R M NAd they
sample support to the top of the cap. Preferaply the two said groqves are
ey e 61 SRR O R SURRP LA O RERFEA S PEAFS haying A Y- grwssor
V-gingrel grosvestioay be vertically or helically arranged, preferably vertically,
and.they 10 have one of many different shapes and configyrations,
o AT D e e S R SR PR (B oo
thegagptatibmaradbsofiany mbypropyiiecmapehidhpre fdrabiyclefton antzdiment of
grmoplasti ' c r ;
R S e S S g
anappetheampladihstalomsesniiona) psiarad eadnyderiole being eroYEniR to HEd

regRV@IRIZSH BER MBIRUR/IREIGconvenient in this regard due to their
relatively low cost: The sample is preferably a liquid sample. The sample

may! B SRyl bl satdieidsyralerdde simle spnpa ety Earpen By
samBRU/alariusasiple isquRANNE Sample Bhatfaambert sedmihemiehilagemple

of or blended with .a cyude gil in a refinery, such as,
that may be useﬁ el\{\{ler in place of or ?)lenc?eé m% a crude 01Iain a refinery, such as a

synthetic crude, a biocomponent, an intermediate stream, such as a residue, gas oil,

vacuum gas oil, naphtha or cracked stock, and blends of one or more of said components.
The present invention is especially useful for measuring liquids that contain volatile
components.

Other hydrocarbon samples to which the process of the present invention may be
applied include fuels, lubricants, polymers (liquid polymers or polymer melts) and
petrochemicals which are prone to fouling.

According to an embodiment of the present invention the spectroscopic
measurement begins with the liquid sample occupying the base of a cap having two
grooves. The spectroscopic probe is then inserted — whilst maintaining contact with the
internal walls of the removable cap - vertically down into the base of the removable cap; |

the said one or more grooves consequently provide a means for air and/or any other gases
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20 synthetic crude, a biocomponent, an intermediate stream, such as a
residue, gas oil, vacuum gas oil, naphtha or cracked stock, and blends of
one or more of said components. The present invention is especially
YR AT8asuring liquids that contain volatile components POTH&B2006/002162
hydrocarbon samples to which the pgocess of the present. invention may:
be 25 applied include fuels, lubricants, polymers (liquid polymers or
polymer melts) and petrochemicals which are prone to fouling. According
to an embodiment of the present invention the spectroscopic

to epgapgsfranibacibghis wieheiinliquid Anfrpebomeipsinedithoba s chmmapes

illufigMing AwangEaoves. The spectroscopic probe is then inserted - whilst
maintaining contact with the 30 internal walls of the removable cap -
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prof N I it et i e Suo OB LE bl ek i g el
flowE gonengh Aitexinpestige of tiresprgie smppthand mtovib|greaye thatligadd from
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gaspsesuhepceayiisatithdoserriiphe seibport has filled, the excess sample flows

th f%%ﬂi‘ﬁ%e%ﬂtaﬁﬁ%?&% el REARISHSH BRI AR AP RIS QNG PR brobe

. leads from_the exit passage to the top of the internal wall of'the _
intq e xaBTeRla SN RS antsHingeR]! h4aes emaleed syviquiduainimmrheaing

bloAoRaeeinGeleed By eferedsapaadimsripaierineqdaserion ofi8ence the sample
ectroscgcf)&llﬁe%robe 10 jnto the removable cap, the assembled cell is

RO ARISERISSH heating block where the cell is sealed
usingnaduitaile pf éssprtbavibaatizellis dutiheaceptbenaamplgevartdan high
heated and,a spectrum.is recorded. An antage of th ent invention

e e & T e T sk e

samplthopptitethegspaeatatiéssulstantes | Siitald9)itsibpdinding bistmpsiemple.

0 rature is.in range 10C to. 200C depending on the, .

For D e K S REE M SRSt in

the rangeCiid e, Fot e kammstayrafetied. r disge3010rts 80(Pisssuost prefderefithe stated

limilEARPREPUATRRBABINY 1REy U SI0PHA] BRI Sreferred embodiments of the

present invention.

Prior to the measurement of the sample of interest, the pathlength of the cell may be
measured by filling the cell with a standard solution, such as toluene, and measuring the
spectrum. Preferably according to the present invention the pathlength is in the range of
from 0.5 mm to 10mm. The pathlength is defined by the distance that electromagnetic
radiation fravels through the sample before reaching the detector. Thus, where incident
radiation passed from one optical fibre, through the sample in the sample support, reflects
off the mirror, and passes back through the sample, then the pathlength will be twice the
thickness of the portion of the sample located between the one or more optical fibres in the
spectroscopic probe and the reflecting mirror.

The invention is further illustrated by the attached figures, in which;

Figure 1 is a longitudinal section through a spectroscopic probe in accordance with

the present invention;
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limits are not excluded; however they do not fall under the preferred

embodiments of the present invention. 20 Prior to the measurement of

the sample of interest, the pathlength of the cell may be measured by

R EHeE ¥eERwith a standard solution, such as toluene, and nPEAsGERdE2162

spectrum. Preferably according to thespresent invention the pathlength is

in the range of from 0.5 mm to 10mm. The pathlength is defined by the

distance that electromagnetic radiation travels through the sample before

reaching the detector. Thus, where incident 25 radiation passed from one

opticBigibes Wwsiripsthecqnenpi@intine sanipth suppuroscefieqrsotafistmserted
in@ﬁ@h@%ﬁ%ﬁﬁ%ﬁ%@ﬁqw@%@@%@ then the pathlength will be

rtion o

twice the thickness of the po f the’sample located between the one -
or mEHYEHAEHPHEre seeR Y cEpBcirstienpbrprshdhssempranie cen ilpstinted n
Figdig mvention is further illustrated by the attached figures, in which; 30
Figure 1 is a longitudinal sectign through a spectroscopic probe in
accofdafiEd MR RSTRERSORR RIS ;Wé%@éé’ﬂ godiation is transferred
thid Gl GRRADHINE2EE Zhréusigw sapphiiesatas & segrentefotsiepsinovhishple
D R e TR g e L S

sample;and Fig 2RONE S 'l Cro8sSettio
theesamgviaiaeddhp sipshictedrdowigdereit 5 Fiflerted Shonbraggietirasamdicy gold
j iation s transf h.optical fibre
T e el e A S AR o
2 qpiecsaripm Savportis ghompried ShpspHireAMsadbors. onHieraelibatiisaenseance
8 dhaqua Massasspiarndifif.sapplire window, where it is reflected back

through the s,amﬁgle by gold mirror 7 on the base of the sapphire window.

The FafRESd RifRaiss piromsecs SHemteldesigdnehichon TRRAaseoRiy niabe |
is siieAeanticab bR vibiAep SheumRRRBoLigdidkadteantracme SR R%isBrted,

O RO P B A AR PR 1R GRS P e D

praedonissrisbferiiquititeaheplep 1the Asvthefiiheliryisd saapkdeddteditsidntrance
T T e
sapezielsepndit andrawicdrough the exit passage into another groove 13, which connects to
the top of the inner wall of the cap. ,

| Figure 3 illustrates cross sections through axes A-A’, B-B” and C-C’ of the cap 10
as shown in Figure 2. In the embodiment shown, there are two vertically-disposed grooves
on the inner wall of the cap, one of which 12 extends from the base of the cap to a position
above the point where the entrance passage of the sample support of the probe lies when
the probe is fully inserted. The other groove 13 is located on the opposite side of the inner
wall of the cap and extends from a point below the exit passage of the sample support of

the probe when fully inserted and up to the top of the cap.
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passage of the sample support of the probe, at which point the liquid

sample flows into the sample support, and out through the exit passage

into another groove 13, which connects to the top of the inner wall of the

cap. Figure 3 illustrates cross sections through axes A-A', B-B' and C-C' ofLOYD wise
the cap 10 20 as shown in Figure 2. In the embodiment shown, there are

two vertically-disposed grooves on the inner wall of the cap, one of which
&2pxtends from the base of the cap to a position above the point where

the entrance passage of the sample support of the probe lies when the

prabe:isBIby ieRiterkE0aRIAR! POMERLSS IRFAIRL ARG ARRRSIE Side

of the inner wall of the cap and extends from a point below the exit
PResiogecBiemEbsnipiicBLBEEOst ot Biets dBk adised sampinsagaed lane ope
 lios! OROf 4R taRv L-RNR NSRS Claimsp b Apicablecalb®een the

measuring the spectrum of a liquid sample comprlsmg a spectroscopic

BEBARMAR e HRETPS SCBRRE BRSO 1F8Y 21 fe RASeRAR BASIARY Bt Iewssasise and which
anplikakifIeaRINIBAPHs@ EEIPEND D 5B A SRS RIRRAMIICAE e head of the

between the 5 window and the mirror comprising an entrance gassage

BRGST ekt bt distansa iiesndbs psrancbvalt o lbmisrewhlpcm o e head

sahéhptacessppiogaips Bligasidhe haad, ehthiecprrbE UL themal wall of
g{stance between the internal wall of the removable cap and the head of

RIEPRNABIEN COTUBLTS RISOIHEARTS Braov et Hinesedisethiththarhes the

iptenaicopil phobieisemmenablatean-Cp R RnPAR OLRISEHIAESs of the sample
dlfiis)rgosed such that, when the 10 spectroscopic probe is inserted. into the

U O S URELR & BB e A LRakee BT YRS ik ids i path donrilubtquiiew from

thetore i tirargpghadvasand priovge mdaihies figde. flow from the base
of the cap, and into and through the sample support. 2. A sealable cell

according to claim 1, wherein the probe and the removable cap are 15
zyAnstrita] dreMhicbotidéng)tindsiealiprobe diasta giabeiad BheaBehéhi@ble cap are

internal diameter, D', of the re ov\%?]l cap is less than (D + 0.4 mm). 3. A
ST RO QO R e Tt AP S dhmeter,
Eodviablemaypaisienageithass (Bx@ @mro) 26, A sealable cell , according

to claim 3, wherein the internal diameter D' of the

3. A sealable cell according to claim 2, wherein the internal diameter D’ of the

removable cap is more than (D-0.4 mm).

4. A sealable cell according to claim 3, wherein the internal diameter D’ of the

removable cap is more than (D-0.2 mm).

5. A sealable cell according to any one of claims 2 to 4, wherein the internal diameter

D’ of the removable cap is less than or equal to D.

6. A sealable cell as claimed in any one of the preceding claims, in which the internal
wall of the removable cap comprises two grooves, one of which allows air and/or liquid
sample to pass from the base of the removable cap to the entrance passage of the sample
support, and the other of which allows air and/or liquid sample to leave the sample

support via the exit passage and to leave the cell.
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removable cap is more than (D-0.2 mm). 5. A scalable cell according to
any one of claims 2 to 4, wherein the internal diameter 25 D' of the
removable cap is less than or equal to D. 6. A sealable cell as claimed in

any one of the preceding claims, in which the internal wall of the LOYD WISE

removable cap comprises two grooves, gne of which allows air and/or
liquid sample to pass from the base of the removable cap to the entrance

passage.efdhe sapaiaiRd t@tmaﬁ{f@,ameﬂ%ﬁﬁﬁ%egr%ﬁ8ﬁ Allows Ly wall of the

and/or liquid sample to leave the sample support via the exit passage a

RHGetResl sYioRb W9 1B s Proviseslamrtle Sipacisrbivng o6 Biairmeyvable
wiereindhasraay sasorstsr intesnabalhofse aﬁamr@t@g{%@%ﬁ%{m&s a

one groove provides a path from the base of the removable cap to the

o) B%S%@%F?ﬁ@ ibpieenfsosmpardatbedare Ghamieh provides

a path from the exit passage of the sample support to the top of the cap.

8. As ble cell according to claim 6 or claim 7, wherein the said two
ot

GO AEEATIHHO G R AR e Jaer brivikaSHANR AR AN Bfatee cespre

Bohtsealaisical asewiling in aimemal i Rasedig claims, wherein
the entrance 10 and exit passages of the sample support are

interconnecting and located opposite to each other on the head of the

praobecalsblA atbdabledield Rsaiatmed ity @eeisk R saling AR BSirance
iérh%{vhich the cross: tglection | area of the one or more grooves is at least

R AE2EES OSROPURINA SHRRSYLIRTG TBUSHFYBtaHen ek loirai cd ppo sise to each
sfiectonshepicadndakugatents of liquid samples. 12. Use of a cell
according to claim 11 for spectroscopic measurements of liquid 20
samples containing volatile substances. 13. Use according to claim 11 or

¢lairn &3] 4blevtitinnthdadpedtinangpicave s iperoeditieaaiM¥Rn which the cross-

Sg%Ctl’OISCO ic asurements. . 2
scclional arca of the one or more grooves is at least 0.1mm®*.

11. Use of a cell according to any of the preceding claims for spectroscopic

measurements of liquid samples.

12. Use of a cell according to claim 11 for spectroscopic measurements of liquid

samples containing volatile substances.

13. Use according to claim 11 or claim 12, in which the spectroscopic measurements are

NIR spectroscopic measurements.



